Positive G Tolerance of Indian Subjects-
Effects of Age and Flying Experience

KULDIP RAI, PLN RAO
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Avarage tolerance values of +Gr in Indisn sub-
facts waera not available. A study has been cartisd
ot on the results of over 500 male volunteer sub-
fects who had wndergone itrials en the human
cantrilige at the fnstitute of Aviation Medicine (1AM).
The subjects have been subdivided into different
groups according to age and flylng experience. The
average tolerance values for these different groups
have besn calcufated, The study shows that fighter
pifots have a higher tolerance than other groups.
The tolerance among sensor fighter pifots s higher
than that of junior and younger fighter pilots. An
apposite trend af reduced tolerance with increasing
agre is sean fn afl other groups of subjects. Norms of
talerance values for Indian subjacts in all age groups
have been established for comparison and assessment
of casas referred to the Medical Evaluation Centre
at fAM.

%T has often been stated by pilots that an aldarly
pilot has lesser tolerance 1o acceleration than his
yvounger colleagues. This project was started to study
the changes in +Gz tolersnce with ageing smong
pilots Certain subjects were specifically studied as
part of this project and some subjects for whom data
were already awailable were also included in the
results analysed.

For the last B years the technique of ond point
determination {PLL) has been standardized at the
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Institute of Aviation Medicine {([AM} and resulls
obtained have been repeatable with this method.
The total available data on 6508 subjects in various
age groups, with dilferent professional back grounds
and flying experience have heen analysed to abtain
values for PLL tolerance among Indian subjects.

Tolerance of fighter pilots 1o -Gz at times
determines the utility of a fighter aircraft in combat
manoeuvras. |t is quite well known that there is A
large wvariabifity in human tolerance to +Gz,  There
may be some racial variations In these tolerance
figures also. Data on tolerance of Indian fightar
pilots and other groups of Indian population weare not
available fram any published source and as such this
project was initiated.

Quite often assessment of pilots after diseases,
mcidents of air sickness and reported low G tole-
rance in the air has to be camied out in the Acceler-
ation Physiology Department of 1AM. Thers are no
known basal values available for companson and
proper sssessmenl of such cases. This project was
undertzken to fill this gap in our knowledge.

Material and Methods

All the 508 subjecls in this study were fully fit,
male, volunteers, reparting 1o 1AM for various train-
ing courses and high performance medical exami-
nation. Staff at 1AM also ook part in these trials.
All subjects were in their appropriate highast
medical categories (&1 G for sircre® and A4 G far
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ground duty personnel), All eircrew had previous
exporience with high +Gz manoeuvres in aircraft
and the ground duty personnel were experienced
ridars in the human centrifuge. Subjects were
instructed to remain relaxed during the centrifuge
trials to avoid the variable factors of personal
protection practised by different persons.

The trials have been conducted on the human
centrifuge at IAM which has a test radius of 5
matres. The centrifuge rotates in a clockwise
direction. The acceleration imposed on the subjact
is proportional to the RPM of the arm. The gondola
in free to rotate and align itself with the resultant
pccaleration during rotation,

The subject can be exposed to any acealaration
upto--10g, with an accuracy of 0.1g. The duration
g1 pesk @ can be controlled from 1 sec to 30 min.
The rate of rise and decay of scceleration can be
varised from 0.1g/sec 10 2.5q(sec.

Tust profiles vsed

Subjects were tested with two rates of
onzet of g, fighter pllots @ 1g/sec and all
other subjects @ +0.5g/sec. The duration at peak g
was maintained for a fixed period of 15 secs in all
cases, Rate of decelaration was + C.1g/sec in all
trials. The tests were started at & low value ot g
and gradually increased till :a firm PLL was
ghtained.

Monitoring facilities

The subject’s facs is visible on a TV screen

during the test and there is a two way voice commu-
nication on  intercom. The reaction time of the
subjects was recorded on a multichannel et recorder,
along with the g profile.

Position of subfect

The subject is seated and harnessed in a convan-
lional aircraft seat with a back angle of 13°. The
head rest provides support to the hesd. The subject
remains seated upright with his feet supported on

adjustable aircraft rudder pedals.
PLL technigue

For determination of PLL the subject is asked
to look at a central red light positioned at eye level
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Two peripheral lights are mounted on a bar, at a3
distance of 30" fram the subjsct and are 28" apart.
The three lights are mounted on a single bar. The
intensity of the central red light and peaiipheral
lights can be wvaried and are adjusted for esch
subject at a level where they are just perceptible
and a repeatable reaction time can be obtained for
the subject at rest.

The peripheral lights can be switched on by the
medical monitor at random intervals. The subject
has ta switch off the peripheral lights by pressing a
micro switch an the mock contral column, The tima
taken by the subject to respond to the lights is
racorded on 8 paper recorder.  The basal reaction
time after some practics is recorded at rest and
compared with the reaction time during acceleration
stress, An increase of reaction time to twice his
narmal 15 considered significant and the wvalue of

| Gz stress, where such an increase is seen, is taken
as his PLL at 63",

Multiple light system

A onew multi light system for end point deter-
mination has been designed, fabricated and Installed
in the centrifuge under this project. The system
consists of light positioned at angles of 64°%, 60°,
56% and 62° in ralation to the subject’s wvision,
These lights ara mounted on a semicacular frame
work, kept at a sequence n such a manner that only
when the subject stops responding 1o the outermaost
set of lights, the next inner pair lights up. This
way, ' progressive loss of visual fields can be identi-
fied. i This system has been evaluated and standar-
dised on about 50 subjects under this project.
Rasults abtained with 52% position have been in-
cluded in the project report.

Results

Tatal data of S08 suhjects, in different age
groups and with varying flying experience and
hackground have been analysed,  The subjects have
been divided into thres age groups, ie, 20 to 34 yrs,
45 to 40 yrs, and 41 ta 55 yrs. Each age group has
been furthar divided into fighter pilots, transport
pilots and other aircrew and third sub group of
ground duty personnel consisting of medical officers
and sirmen. The data for the age group 20-34 years,
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35-40 and 41-55% yre are presented in Table |, 11 & 111
respectively.

The flying experiance of pilots has basn utilised
to sub-divide them into three categories, viz., less
than 200 hours, 201 to 1000 hours and more than
1000 hours. The values for the total number of
subjects (B08) have bsen summarised.along with
Tabla 111,

TABLE - |

*G’ tolerance values in age group 20-34 years

‘G Toleranca

Branch Ffﬁng experi- No. of

ence in hours  Subjects Measn

_ S0 H_ange
FP <200 43 43 08 2.56
201-1000 168 44 07 3-6
= 1000 a3 45 06 3-58
Pooled 264 44 07 256
TR <200 = = N i
201-1000 17 40 05 355
B = 1000 18 41 05 35
"Pooled 35 4.00 0.4 355
~ ©GR 148 41 0.7 375
Total for the age 437 43 0.7 2515
Group

FP—Fighter pilots TR—Transport pilats
GR—Ground duty personnel

TABLE - I

‘G’ tolerance values in age group 35-40 years

Branch Flying expeari-

No.of G mﬂ::ranr.:e values
ence in hrs, Subjects Mesn SD  Range
FP =200 - = .
2011000 —_ = — --
=1000 15 47 0.9 3-6
Pooled 15 47 08 3-8
TR =200 _ - S =
201-1000 == = = —
=1000 11 44 08 358
Pooled 11 44 06 3.5-5
GR 8 36 05 3-45
Tatal for the age group 35 43 08 3-8
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TABLE - |11

‘G’ tolerance values in age group 41-55 years

Branch Flying experi- No. of ‘G tolerence values
ance in brs.  Subjects Mean' SD Range
FP =200 —- . - e
201-1000 2 46 1.4 3555
= 1000 1 53 06 4.56-6
Panlad 13 53 06 3.5-6
TR =200 - - = =
201-1000 — —_ - —
= 1000 12 43 06 4-5b
Paoled 12 43 05 4-55
GR 11 389 05 3456
Total for the age group 36 46 08 3.6
Grand total 608 4.3 0.7 26-76

(for Tabol | & Il included)

A study of the mean difference of g tolerance
hetween various groups shows a significant diffe-
rence between the fighter pilot and transport pilot
qroup and ground duty parsonnel in all age groups,

There i= a change in g tolerance between the
yvounger pilots and elder pilots (both Tighter & trans-
port) showing a significant [ncrease in g tolerance
with increase in age. Among the ground duty per-
sonnel there is a slight decreasze in tolerance as age
adwances, but the number tested in the two older age
groups is disproportionate to the total number in the
first group.

Comparison of g tolerance hetween the total
group (n=0508) and fighter pilots (n—282) is
presantad in Table 1V, This table shows that the
mean ¢ tolerance far all subjects is practically
constant at 4.3g for all age groups, whergas in the
case of fighter pilots, the tlerance is 4.4g for the
younger age aroup of 20-35 yrs 4.7g for group of
ag-40 yrs and 5.3g for age group of 41-55 years,
thus showing an increase of g tolerance with

ageing.
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TABLE - IV

+ Gz Tolerance changes with age (Mean |-Gz tolerance)

Age group

All subjects

Fighter pilats

20-34 years

4.3 4 07 (N=431

4.4 + 0.7 (N=254)

35-40 vears 43 4+ 0.8 (N— 35) 47 %+ 0.9 {N= 15)
41-55 years 4.5 0.8 (N= 36) 5.3 4+ 0.8 (N 13)
508 282

Discussion hardening of arteries and a larger flying experience

Fhysiological effects of 4Gz on man

The physiological effects of +Gz on man have
baen studiad extensively and reported by many
workers-1, It is an cxaggerated orthostatic stress
which produces large changes in blood pressure,
perfusion and functions of head and neck orea.
With increase in -Gz there is a progressive fall in
BPF and perfusion pressure in the cerebral region
and the retinal artery, thus producing detaricration
in performance.  Visual symptoms end signs, eg.,
hazy vigion, contraction of field of vision and
reduced visuel acuity are well known®'.  Peripheral
light loss (PLL) is a measure of change of field of
vision during -| Gz stress.

There is a fall in blood pressure above the heart
level &and increase in blood pressure below the heart
level due to very large changes in hydrostatic pra-
ssures?, There is 2 large @mount of pooling of
bload, in lower half of the body which reduces tha
venous refurn and thus compromises cardiac out-
put. Baroreceptor responses from the carotid sinus
produce compensatory changes in heart rate and
peripheral vascular tone, Prompt and adeguste
response of the cardiovascular system is essantial far
the maintenance of cersbral and wvisual function
diring 4Gz stress. It is well known that there are
certain changes in CV5S responses with age to all
types of stresses. It has besn postulated that
possibly the responses among the elderly subjects
will be slower and insdeguate for such sireszes.
Howaver, factors likerise in blood pressure in ageing,
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may (o somo extont compensate for the dalayed
CWS responss’,

Change in -Gz toferance with ageing

Analysis of data for all the subjects (n==508)
as shown in Table 1V shows no changa in g tolarance
with ageing.  However among fighter pilots there
is a significant increase in g talerance with ageing
as shown in Tables VI, The wend of increase In
tolerance with ageing is also  evidenl in transport
pilot group whereas amang the ground  duty per-
sonnel there is a decrease in tolerance with ageing.
Similar findings have been raported by Hull et af!
on 50 aircrew subjocts.

The possible factors which can explain the trend
seen in the pilots group can be ;

(a) Larger flying experience

ibYy Pilots not  relaxing completely during
centrifuge tuns.

(¢} lncrease in BP and hardening of arteries
with age.

The elderly and exparienced fightar pilets produce
better and guicker physiological response to the
ott-repeated strass of Gz, Possibly this mechanism
gvercomss the normal expected effects of ageing.

All the subjects studied under this project were
in good physical health and in appropriate highest
medical category applicable for branchitrade in the
Air Foice. Though actual hlood pressure readings
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have not been presented in this paper, it has been
ensured that no case of hypertension or overt CVS
abnormality has been included in these trials. Thus
it can ha concluded that the slight, expected increase
in BP with ageing may have been the only change
botwoen the wvarious age groups. To what exient
such changes in BP can influence a subject’'s +Gz
tolerance cannot be clearly defined®.

Pilots are in the habit of using certain voluntary
straining manoeuvres such as lensing of muscles
and control of intrathoracic pressure 10 increase
their tolerance to — Gz. With increase in flying
experience, these manosuvres become a second
nature (involuntary in the case of experionced and
elderly piloits). Though an attempl was made to
fecord the relaxed tolerance ot all the subjects, it
is quite likely that the fighter pilots did not relax
fully, more so the elderly, experienced fighter pilots.

Fighter pilots of all age groups had a
signiticantly higher tolerance than the other two
groups. This difference could also be explained on
the basis of the physiological factars mentioned
above,

Conclusions

{(a) Fighter pilots in all age groups have a higher
tolerance than other aircrew and ground duly
personnel.
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{b) There is a significant increase in tolerance with
ageing especially in the fighter pilat group.

(c) The avarage relaxed tolerance to - Gz upto PLL
fur Indian subjects is 4.3 0.7,
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